Abstract: Distinguishing slump folds from tectonic folds in poorly exposed areas can be difficult, especially when the scale of the slump folds exceeds outcrop scale. In the southeastern part of the single-phase deformed, Lower Palaeozoic Anglo-Brabant fold belt a comparison of cleavage/fold relationships and stratigraphic polarity shows that a 200 m thick interval of middle Caradoc fine-grained turbidites in the core of a large synform was overturned prior to tectonic deformation. This overturning is attributed to large-scale slumping, which was most likely a result of middle Caradoc seismic activity.
The criteria used in outcrop to distinguish tectonic folds from slump folds generally consist of meticulously characterizing their geometric differences (see Elliott & Williams 1988) . One of the most used criteria is an intrafolial, isolated position of the folds between relatively undeformed sediments (Jones 1939; Kuenen 1949; Helwig 1970; Corbett 1973; Woodcock 1976; Rupke 1976; Potter & Pettijohn 1977) . However, as pointed out by Williams et al. (1969) , this arrangement can also arise with intrafolial tectonic folds (Maltman 1994) . Often cited is the scattered orientation of slump fold axes in comparison with tectonic fold hinge lines (Jones 1939; Kuenen 1949; Rupke 1976; Potter & Pettijohn 1977) . In certain areas, however, tectonic folds are aligned with slump folds (e.g. Helwig 1970) . Furthermore, in areas with strong or poly-phase tectonic deformation (cf. Blewett 1991; Debacker 1999), a large variation in fold hinge lines may occur (e.g. sheath folds, tubular folds), whereas in other areas slump fold axes may reflect a general parallelism throughout the slump sheet (Kelling & Williams 1966; Woodcock 1976) . It has also been argued that slump fold style is very complex and highly irregular as compared to tectonic fold style (Jones 1939; Kuenen 1949; Corbett 1973; Potter & Pettijohn 1977) . Although the irregular shape holds for many slump features, Woodcock (1976) showed that in several cases the range in styles of slump folds closely matches that of tectonic folds. Consequently, in poorly exposed areas where tectonic movements have taken place, distinguishing slump structures from tectonic structures can be very difficult. This difficulty increases when the sizes of slump folds exceed the outcrop size.
An alternative approach to the problem, however, is to use small-scale structural features to distinguish slump folds (Elliott & Williams 1988; Maltman 1994) . These features include veins, fold-related fractures, cleavage and cleavage/ bedding intersections. Furthermore, since slumps are a form of slides with rotational deformation (Woodcock 1979a), a meticulous comparison of tectonic polarity, based on cleavage-fold relationships, and stratigraphic polarity, based on sedimentological features, can be used to distinguish slump folds. Although the applicability of this approach also has its restrictions (e.g. Helwig 1970; cf. Elliott & Williams 1988; Blewett 1991; Maltman 1994) , the main advantage is that it is particularly useful in single-phase tectonically deformed, poorly exposed areas, even when slump folds are several orders of magnitude larger than the outcrop size.
This work utilizes cleavage/fold relationships in order to distinguish tectonic deformation from soft-sediment deformation in the Lower Palaeozoic Brabant Massif. In this particular case, the combination of structural and sedimentological observations can be used to outline a large-scale slump. Combined with palaeocurrent data and other sedimentological observations, this slump is used to put forward a probable basin geometry of the southern part of the Anglo-Brabant fold belt during the Late Ordovician, to narrow-down the possible directions of slumping and to deduce the probable cause of slumping.
Geological setting
The study area is situated on the southern rim of the Lower Palaeozoic Brabant Massif (Fig. 1) . The Brabant Massif forms the southeastern part of the Anglo-Brabant fold belt, one of the fold belts resulting from a post-docking plate convergence of eastern Avalonia and Baltica (Sintubin 1999; cf. Van Grootel et al. 1997) . The Lower Palaeozoic deposits in the Brabant Massif mainly consist of fine-grained deposits, dominantly turbidites, with some volcanic intercalations and plutonic bodies of Ashgill age (De Vos et al. 1993) . Foreland basin development started from the early Silurian onwards (Van Grootel et al. 1997) . So far there is only evidence for one single deformation phase, deforming the Lower Palaeozoic rocks into a series of south-verging hectometre to kilometrescale stepfolds with a cogenetic north-dipping cleavage (Van Grootel et al. 1997; Sintubin 1999) . As evidenced by the angular unconformity between deformed, epizonal, lower Ludlow (upper Silurian), fine-grained turbidite deposits and overlying, subhorizontal, undeformed Givetian deposits, deformation took place between the Early and early Mid-Devonian (Van Grootel et al. 1997) .
The Brabant Massif is poorly exposed. Only along the southern rim of the massif do tributaries of the Schelde and Maas rivers cut through the overlying Cretaceous, Tertiary and Quaternary cover, enabling a direct study of the deformed Lower Palaeozoic rocks. Along the Brussels-Charleroi canal in the Sennette valley 23 km south of Brussels, a 500 m long nearly continuously exposed section in the footwall of the Asquempont fault contains an asymmetric hectometre-scale, south-verging synform in fine-grained Upper Ordovician sediments. Legrand (1967) was the first to notice the overturned beds within this synform. Although this overturning was rejected by Martin & Rickards (1979) , both Legros (1991) and Servais (1991) confirmed the reverse stratigraphic polarity of the turbidites in the synform core. However, the presence of these overturned beds has never been properly explained.
Lithology, biostratigraphic age and stratigraphic polarity
From NE to SW four well-exposed outcrops are present (Fig. 2) . A section along the canal, perpendicular to the structural trend, is shown in Fig. 3 . The litho-and biostratigraphy used is based on Van Grootel et al. (1998) and Verniers et al. (in press) .
Outcrop A contains homogeneous dark grey to bluish grey mudstone to fine-grained siltstone of the lower Llanvirn Rigenée Formation. Only in a few cut samples do vague changes in grain size or alignments of pyrite reveal steeply dipping bedding. Determining the stratigraphic polarity (i.e. way-up) was not possible. However, 200 m north of this outcrop, sedimentological features (cross-bedding, graded bedding, sharp contacts) in steeply south-dipping beds of the upper Arenig Tribotte Formation, indicate a normal stratigraphic polarity, younging towards the south. In a zone of 12 m, between outcrops A and B, volcanic intercalations occur, the thickest bed being 4 m wide. These tuffs (Corin 1963) are interstratified with the sediments of outcrops B and B'.
Outcrops B and B', respectively situated at the eastern and western side of the canal, expose the synform core. The rocks consist of distinct alternations of light grey fine-grained sandstones, medium grey siltstones and dark grey mudstones interpreted as fine-grained turbidite deposits, dominantly Tcde-Bouma sequences (Bouma 1962 , Servais 1991 , of the middle Caradoc Ittre Formation (Fig. 4a) . The turbidite sequences are generally 5-15 cm thick, with the sandy to silty c-intervals normally comprising 20-35% of the sequence thickness (Servais 1991). Towards higher levels, in the southern part of outcrops B and B', turbidites appear to become finer grained, with fewer c-intervals. Locally, small-scale softsediment deformation is evidenced by load-casts, convolutions and small ball-and-pillow structures. Throughout outcrops B and B' sedimentary features, such as graded bedding, crossbedding, truncations of older beds by younger beds and turbidite sequences, indicate a reverse stratigraphic polarity. In the steep northern limb of the synform, the beds young towards the north, towards the older core of the Brabant Massif. In the subhorizontal southern limb the beds young downwards.
Outcrop C contains moderately north-dipping beds of a centimetric alternation of light to medium grey fine-grained sandstones to siltstones and dark grey to black mudstone, which are attributed to the middle Caradoc Bornival Formation by Verniers et al. (in press ). It should be emphasized, however, that both lithologically and sedimentologically, these beds differ from those in the type section of the Bornival Formation more to the south, where they consist of less distinct alternations of dark grey siltstone and dark grey to black mudstone (Van Grootel et al. 1998; Verniers et al. in press) . Personal observations and those of others (Herbosch unpublished data) indicate that the beds in outcrop C appear turbiditic, with individual Tcde-sequences of 1-4 cm. In contrast, a turbiditic nature cannot be inferred for the classical Bornival Formation. Furthermore, the resolution of the biostratigraphy is not high enough to differentiate the beds of outcrop C from either the Ittre Formation or the Bornival Formation. To avoid confusion, these beds will, for the current purpose, be referred to as the 'laminites', an informal field term.
A distinct feature of the beds in outcrop C is the pronounced soft-sediment deformation, always restricted to several beds, in zones several centimetres wide. In cross-section, the dark-grey clayey beds commonly contain numerous lenticular to oval silt to fine sand bodies, with a diameter of a few millimetres to 1 cm, elongated subparallel to bedding (Fig. 4b, c) . Also several of the thicker silty beds (up to 3 cm thick) show a similar internal disruption (Fig. 4c) . Although resembling small ball-and-pillow structures (see Potter & Pettijohn 1977; Pettijohn et al. 1987) , three-dimensional observations show that in several cases these apparently lenticular structures are sectional views of bedding-parallel tubular systems, interpreted as bioturbation. Apart from these, many small-scale, nonbiogenic synsedimentary deformation structures occur. These include load-casts, ball-and-pillow structures, convolutions, contortions, truncations and intraformational folds (Fig. 4d) . Although biogenic and non-biogenic structures are present in several zones throughout the outcrop, in several cases next to each other, most of the non-biogenic structures are found at the southern end of the outcrop (39 280-39 250 m). Where the soft-sediment deformation in outcrop C was less pronounced or absent, a reverse stratigraphic polarity could be determined.
Structural data
Orientation data of structural elements are shown in Table 1 and Fig. 6 . The area around outcrop A contains the northern fold limb, the area around outcrops B and B' the synform hinge zone and the area around outcrop C the southern limb. In order to get enough data from each area, several small new exposures were made by clearing the undergrowth and debris (Fig. 2) .
Outcrops B and B', containing the synform hinge zone, essentially show the same overall structure: a large open, asymmetric, subhorizontal to gently ESE-plunging synform with a gently to moderately NE-dipping axial surface. The hinge zone of the large south-verging synformal structure contains several small, open, parasitic folds with a southverging asymmetry and a stepfold-like geometry (Fig. 5 ). The orientation of the fold hinge lines of individual small folds is subparallel to the fold hinge line of the overall structure.
The section is cut by a pervasive, moderately NE-dipping, cleavage. This cleavage is axial planar to the small folds in the hinge zone of the synform and approximately axial planar to the large synform. In accordance with the generally finegrained lithology, the cleavage shows divergent cleavage fanning across the small folds (Fig. 5) . A large-scale divergent cleavage fan across outcrops B, B' and A can also be inferred from changes in the mean cleavage orientation (Fig. 3) . In outcrop C, situated in the southern, normal limb of the synform, cleavage dips only a few degrees steeper than bedding. Because of the small angle between bedding and cleavage, cleavage could not be measured in this outcrop. Changes in cleavage dip allow the construction of a virtual cleavage/cleavage intersection (B-axis of cleavage planes, axis of cleavage fan). The term 'virtual' is used because, dealing with only one tectonic cleavage, true cleavage/cleavage intersections are not present in outcrop (see Debacker et al. 1999) . The overall virtual cleavage/cleavage intersection is subparallel to the overall fold hinge line. This also accounts for the cleavage/bedding intersections.
The orientation of some of the structural elements changes along the section. Going from south to north, the trend of bedding and cleavage/bedding intersections abruptly changes from WNW-ESE to NW-SE around 39 600 m (Fig. 6 ). The east to SE plunge of fold hinge lines and intersection lineations is not common in this part of the Brabant Massif. Both to the south, in the Silurian of Ronquières (Debacker et al. 1999) , and to the north (Fig. 2 , Debacker unpublished data) fold hinge lines and cleavage/bedding intersections plunge towards the NW, as is the case in the zone around outcrop A (39 600-39 800 m). On the other hand, both the strike of the cross-joints, oriented at high angles to the fold hinge lines, and of the cleavage appear to remain fairly constant throughout the section.
Taking into account the somewhat unusual orientation of the folds and the abrupt change in bedding orientation around 39 600 m, the above outline of the cleavage/fold relationships throughout the small stepfolds in the synform core suggests that cleavage and folding are cogenetic. Also the fractures are consistent with the folds. As such, all structural data suggest a single-phase tectonic deformation.
Slump folds
In several places in outcrop C and between outcrops C and B, slump folds can be observed. The best examples occur in two newly created exposures in the turbidites of the Ittre Formation between 39 420 m and 39 440 m (Fig. 7) . Each one contains a subhorizontal, open antiform-synform couple in a 1-2 m wide zone between relatively undisturbed beds. Several features, such as the localized occurrence of these folds between relatively undeformed planar surfaces, the truncations of the bedding and the difference in orientation of these folds with regard to the tectonic folds may indicate a slump origin. However, the most convincing evidence for a pre-tectonic origin of these folds lies in the cleavage/fold relationships. Because of the difference in asymmetry between the tectonic folds and the slump folds, the tectonic fold-related cleavage cuts across the small slump folds at a high angle to their axial surfaces, commonly leading to very strange cleavage refraction patterns in their hinge zones (Fig. 7) . Apart from the fold asymmetry, the fold style of the slump folds is not very different from the style of the tectonic folds (see Woodcock 1976) and also their trend approximates that of the tectonic folds (Fig. 6, see Helwig 1970) . 
Comparison of structural and sedimentological observations
As shown above, the cleavage/fold relationships suggest a cogenetic relationship between tectonic folding and cleavage development. Because of this cogenetic nature, cleavage/fold relationships can be used to determine the tectonic polarity: where cleavage dips steeper than bedding tectonic polarity is normal, whereas where bedding dips steeper than cleavage tectonic polarity is reverse. In the example of an asymmetric, moderately inclined, close to tight synform, formed during a single-phase, south-verging deformation, the northern limb will have a reverse tectonic polarity, whereas the southern limb will have a normal tectonic polarity. Starting off with a normal stratigraphic polarity, the northern, overturned, limb will young downwards, the southern limb upwards. Similarly, in the less asymmetric, open synform along the Asquempont section, we would expect the southern limb, with a normal tectonic polarity, to young upwards and the northern, tectonically reverse, limb to young towards the south. In contrast, however, the opposite is observed: in the tectonically normal limb the beds young downward, whereas in the tectonically reverse limb the beds young towards the north. This contradiction implies that bedding was overturned before the observed single-phase tectonic deformation took place.
Discussion
There are two possible causes for this overturning. One is a tectonic deformation phase, inverting the bedding prior to the observed Early to early Mid-Devonian folding and cleavage development. This tectonic deformation could then have deformed the beds by means of large-scale recumbent folding, probably accompanied by thrusting. During such a tectonic deformation one would expect the development of a tectonic fabric. Apart from a microscopic bedding-parallel compaction fabric (Maltman 1981) , which can also be observed in other places inside the Brabant Massif (Debacker et al. 1999) , and the cleavage fabric related to the observed tectonic folds, there are no traces of an older tectonic fabric. Also the restricted stratigraphic occurrence of this overturning-to the authors' knowledge the middle Caradoc in the Asquempont section is the only place-argues against a tectonic origin.
The other plausible explanation for the inverted bedding, without necessitating an unknown deformation phase, is by The orientation of planar elements (bedding, cleavage, fractures) is given as strike/dip, with indication of dip direction (e.g. 306/48 NE), the orientation of linear elements (cleavage/bedding intersections, B axes) is given as plunge/plunge direction (e.g. 16/311). In the case of bedding, the B axis represents the fold hinge line, in the case of cleavage planes, the B axis represents the virtual cleavage/cleavage intersection. See Fig. 2 for location of outcrops A-C.
large-scale slumping. Slump folds and slump-related features occur in several places throughout the section. These include intraformational breccias (outcrop B'), intraformational, truncated folds (outcrop C) and truncated bedding (outcrops B, B', C). The presence of instabilities at the time of, or shortly after, sediment deposition is also indicated by a number of small-scale, soft-sediment deformation structures, the highest concentration of which is found in outcrop C. In order to test the hypothesis of overturning by slumping, the contact had to be found between the overturned sediments, with a reverse stratigraphic polarity, and the relatively undisturbed underlying sediments with a normal stratigraphic polarity. For this purpose, 25 small new exposures were opened along the canal between outcrops B-B' and A (12 along the west side of the canal, 13 along the east side). For each exposure, stratigraphic polarity was determined in outcrop and checked on oriented cut hand specimens. The revealed contact (Fig. 8, cf. Fig. 2) is not a smooth surface but consists of an irregular zone of truncated and folded discontinuous beds cut by welded faults (cf. Elliott & Williams 1988) . The truncation surfaces and welded faults show no striations. The nature of the deformation and the cleavage/bedding relationships indicate that this deformation took place before cleavage development and lithification.
A fine-grained, 4 m thick volcanic intercalation in the lower parts of the Ittre Formation, close to the contact between the Ittre Formation and the underlying Rigenée Formation, was used as a marker bed to link both sides of the canal. Bedding measurements and the trend on map of the volcanic intercalation and the polarity reversal zone indicate that the polarity reversal zone is oblique to the overturned bedding (Fig.  2) . Furthermore, the change in orientation of the cleavage/ bedding intersections, from ESE-plunging to NW-plunging, occurs around this zone, suggesting that the overturned slumped mass is oblique to the underlying relatively undisturbed beds. Although having the same lithology, sedimentology and biostratigraphic age, the turbidites to the north of the polarity reversal zone cannot be correlated with the overturned turbidites south of the polarity reversal zone. To the north, a rather exceptional 10 m thick sequence of fine sandy turbidites, with individual Tc intervals of 30 cm thick, occurs adjacent to the polarity reversal zone. Further north, the turbidites become much finer grained, with turbidite sequences of 5 cm thick or less (dominantly Tde) around the volcanic marker bed. In contrast, immediately south of the polarity reversal zone, turbidites are fine grained, with sequence thicknesses in the order of 5-10 cm, with few c-intervals, gradually becoming thicker towards 39 530 m, where Tcde sequences are generally 5-15 cm thick (cf. Servais 1991). Table 1 . A change in orientation between contoured and overlain data is apparent from the poles to bedding (a) and the cleavage/bedding intersections (c).
Geometry and thickness of the slump sheet
The section shown in Fig. 9 is an attempt to unravel the slump sheet geometry. As discussed above, the polarity reversal zone is oblique to the overturned turbidites, pre-dates tectonic deformation and therefore also describes a large synformal fold structure, which, because of the obliquity with bedding, does not display the same curvature as the turbidites in outcrops B and B'. Because slumps are not known to cut significantly into older strata, the slump contact (polarity reversal zone) is drawn roughly parallel to the underlying bedding. Taking into account the stratigraphic polarity and the stratigraphy as proposed by Verniers et al. ( in press), we infer overturned turbidites of the Ittre Formation above the monoclinal 'laminites' of outcrop C. Likewise, at a certain depth below outcrop B and B', above the slump contact, we expect the continuation of the 'laminites' of outcrop C. This Fig. 2 for location) . The cleavage/bedding relationships (circular insets) show that the contact and the overturning predate cleavage development. Truncations and fault contacts are welded. Fig. 9 . Inferred geometry of the overturned, slumped sequence along the studied section. A combination of the stratigraphic, structural and sedimentological data implies a wedge-shaped geometry. Note that the exact displacement along the fault is unknown.
necessitates a fault between outcrop B and C, affecting the overturned turbidites, the 'laminites' and the polarity reversal zone. Indeed a large post-cleavage fault was encountered at 39 400 m. It appears that, because of the relative positions of the turbidites and 'laminites', the polarity reversal zone has to be oblique to the overturned bedding, indepently confirming the obliquity seen on the map and deduced from orientation measurements (see Fig. 2 ). This obliquity implies a wedgeshaped geometry of the overturned, slumped, sedimentary pile.
This wedge shape may offer an explanation for the cleavage/ bedding relationships observed in outcrop C (Figs 3 & 9) . The small angle between cleavage and bedding in this outcrop is rather exceptional for the normal limb of an open fold structure. However, considering the scale of the synform structure, the overturned strata will only form a minority of the total thickness (>1 km) of the beds affected by this synform. The overall geometry of the fold and the orientation of the axial-planar cleavage will be determined mainly by the majority of the beds. Because of the wedge shape, the relatively undisturbed beds in the normal southern limb of the synform, below the contact, may be subhorizontal to gently northdipping, with a moderate angle between bedding and cleavage (as one would expect), whereas above the slump contact the beds are moderately north-dipping, with a very small angle between bedding and cleavage.
The estimated minimum thickness of the overturned slumped mass is in the order of 200 m. Considering its large thickness, a considerable lateral extent may be expected. With the exception of the Lower to lower Middle Cambrian and the lower Tremadoc, slump folds appear to be scarce in the Brabant Massif (Legrand 1968; Giese et al. 1997) . However, in the Lessines borehole, situated approximately 30 km west of the Asquempont section (Fig. 10) , a sequence of 85 m of turbidite deposits of the middle Caradoc Ittre Formation contains numerous slump structures (Herbosch et al. 1991) . Although these middle Caradoc turbidites are not recorded as overturned, it is possible that the high concentration of slump folds in this stratigraphic level in the borehole is related to the large overturned mass in the Asquempont section.
Implications for basin geometry and palaeoslopes
Since Jones ' (1939) proposal that during flow slump fold axes will tend to become aligned parallel to one another and to the strike of the palaeoslope, numerous authors have used slump fold orientations to determine the direction and trend of the palaeoslope. Although in the study area the small slump folds appear to have a parallel orientation, with axes even subparallel to the tectonic fold hinge lines, their paucity inhibits the use of any statistical methods (see Jones 1939; Hansen 1965; Woodcock 1979b) . Especially in view of reports of slump folds oriented at high angles to the trend of the palaeoslope (Helwig 1970; Lajoie 1972) , the determination of the palaeoslope on the basis of only a few small slump folds should be avoided.
The present day pattern of the Upper Ordovician and Silurian of the Brabant Massif, as a part of the Anglo-Brabant fold belt, suggests a NW-SE-to east-west-trending elongate basin (see Verniers 1983; Verniers & Van Grootel 1991), similar to many turbidite troughs (see Kuenen 1957 Kuenen , 1967 Rupke 1976; Ricci Lucchi 1978) . Given this geometry, slumping would be expected to have predominated along the steep northern and southern slopes of the basin (see Kuenen 1967; Pettijohn et al. 1987) . The observed east-west-trending slump folds in the Asquempont section seem compatible with this basin geometry.
Several authors have mentioned causal relationships between gravity-driven, down-slope moving slumps and turbidity currents (Gorsline & Emery 1959; Moore 1961; Kuenen 1967; Potter & Pettijohn 1977; Kastens 1984; Pettijohn et al. 1987) . As such, they could theoretically both be used to estimate the direction of the palaeoslope. In contrast, however, many turbidite basins with a trough-like geometry are characterized by axial flows (Kuenen 1957; Cummins 1957; Kelling 1962; Scott 1966; Klein 1966; Ricci Lucchi 1978) .
Published data and personal observations from the Upper Ordovician to upper Silurian along the southern rim of the Brabant Massif (Fig. 10) show that all recorded ripple marks, cross-bedding foresets and lateral changes in number and thickness of turbidite sequences indicate a north-directed current. However, east-west-directed flute-casts in the Silurian (2 and 4 on Fig. 10) point to an eastward current, subparallel to the axis of the Brabant Massif. Several authors have reported similar differences between current directions indicated by different sedimentological features (e.g. Dewey 1962; Kelling 1964; Kuenen 1967; Stow & Lovell 1979; Kneller et al. 1991; Smith & Anketell 1992 ) and a similar discrepancy has also been reported between currents from sedimentary features and currents deduced from sediment dispersal (Klein 1964 (Klein , 1966 Scott 1966) . Following the ideas of Kneller et al. (1991) , the observations in the southern rim of the Brabant Massif seem to suggest an elongated WNW-ESE-directed basin, with an eastdirected longitudinal turbidity current, generating flute casts, of which the radial spreading is limited by topography (e.g. basin margins). This can result in internal reflected flows, forming the ripples, and may provide an explanation for the differing trends between flute casts and ripples (cf. Louwye et al. 1992) .
In an overturned position, depositional structures in the slumped beds indicate an apparent north-directed current, at low angles to the current direction in the upright underlying turbidites (5 on Fig. 10) . Combined with the basin geometry put forward above, this leads to two possibilities (Figs 11 & 12) . If overturning occurred around an east-west-to NW-SEtrending axis, at a small angle to the basin slopes and to the axes of the small slump folds, the resulting SW-directed current within the turbidites (including the 'laminites') would imply reflected turbidity flow from the north or NE. These south-directed turbidites, thus far not encountered in other localities along the southern rim of the Brabant Massif, may have been transported into the southern basin parts by means of a large slump. As noted by Woodcock (1979a) one of the characteristics of large slides and slumps is the allochthonous material they contain. These allochthonous deposits of outcrops B, B' and C, slumped on autochthonous turbidites of the Ittre Formation, were later covered by the autochthonous Bornival Formation. This is compatible with the difficulty of correlating the autochtonous turbidites of the Ittre Formation with the allochtonous, overturned, turbidites. Alternatively, if it is assumed that overturning took place along a north-south to NE-SW-directed axis, the east-west-to NW-SE-directed slump movement would necessitate a slope at high angles to the deduced basin trend. Although the advantage of this possibility is that turbidite palaeocurrents are still directed towards the north, this would imply that the axis of the large-scale slump fold is at high angles to the axes of the small slump folds.
Probable cause of slumping
The stability of a sedimentary deposit on a given slope, and hence the tendency to fail by slumping or sliding, depends largely on the shear-strength of the deposit and the rate of increase of this strength with depth of burial. These factors are controlled, in turn, by other properties such as grain size distribution, homogeneity, rate of accumulation, degree of consolidation and pore pressure conditions (Moore 1961) .
The present eustatically drowned, wide shelves are essentially sediment traps which prevent a significant amount of the detrital material from reaching the continental slope. However, during glacial episodes, base-level drawdown results in rivers depositing their loads directly on the upper continental slopes, thereby favouring slumping (Moore 1961). Woodcock (1979a) considered this as a possible explanation for the high incidence and large sizes of slides on Pleistocene margins and suggested that large slides should be common during older glacial periods. Since the major Ordovician glaciation on Gondwana took place during Ashgill times (Dennison 1976; Destombes 1976; Hambrey 1985) , the middle Caradoc slumping in the Brabant Massif cannot be related to this event.
Although slow even accumulation of sediments results in stable deposits, natural sediment traps will accelerate sedimentation locally and cause less stable deposits (Moore 1961) . Although the older, turbiditic parts of the studied slump sheet may have a fairly low shear strength, favourable for slumping, the more slowly deposited, fine-grained, laminated sediments Fig. 11 . Simplified geometry of the polarity reversal zone between the overturned slumped mass and the underlying relatively undisturbed turbidites of the Ittre Formation, showing palaeocurrent directions (arrows) deduced from depositional sedimentary features (a). Two possible ways to explain the observations: (b) slumping from the north or NE, from an area of southward or southwestward directed turbidity flows, with overturning around a NW-SE or east-west-axis; (c) slumping in an east-west or NW-SE direction, in an area of northward directed turbidity currents, with overturning around a north-south or NE-SW axis. Fig. 12 . Interpretation of the southern part of the Brabant Massif during Late Ordovician and Silurian times as belonging to the southern part of a NW-SE to east-west elongate basin with eastward directed longitudinal currents, being laterally infilled by turbidity currents. Because of the southern position in the basin, dominant turbidity current was directed northward. Large-scale middle Caradoc slumping either occurred from north (NE) to south (SW) (S1, cf. Fig. 11b ) or in an east-west-direction (NW-SE) (S2, cf. Fig. 11c ). Not to scale. of outcrop C preclude rapid sedimentation or sediment overloading as a cause of slumping.
Basin floor faulting is often cited as a possible cause for slumping (Kuenen 1967; Corbett 1973) . Earthquakes accompanying this faulting are likely to act as a trigger mechanism to initiate movement (Corbett 1973; Kastens 1984) . However, slump folds are only one type of the many structures that can form in unconsolidated sediments under the influence of earthquakes. Depending on palaeoslope, lithology, water content, compaction, type, strength and duration of shock, a wide range of soft-sediment deformation structures, seismites, can form, ranging from isolated liquified zones to slides and slumps (Seilacher 1969; Vittori et al. 1991; Maltman 1994) . Indeed, a variety of structures have been obtained by experiments simulating seismic shocks (e.g. Kuenen 1958; Moretti et al. 1999) and as a result numerous soft-sediment deformation structures have been attributed to earthquakes (e.g. Kuenen 1958; Seilacher 1969 Seilacher , 1984 Mutti et al. 1984; Kastens 1984; Spalletta & Vai 1984; Roep & Everts 1992; Pope et al. 1997) . In ancient sediments, however, soft-sediment deformation structures can often be interpreted in various ways, necessitating additional and preferably independent lines of evidence in order to attribute the observed structures to earthquakes (cf. Seilacher 1984; Cita & Ricci Lucchi 1984; Vittori et al. 1991; Roep & Everts 1992) .
The youngest beds of the overturned mass (outcrop C) contain numerous zones of small-scale soft-sediment deformation, both of biogenic and non-biogenic origin. The repetitive distribution of non-biogenic, small-scale soft-sediment deformation structures in outcrop C, in zones of variable thickness, separated by less deformed or undeformed zones, suggests that they are not the result of a single event, but reflect recurring events. We suggest that these soft-sediment deformation intervals were generated by earthquakes and that one, probably larger, earthquake triggered the large-scale slumping. This is a reasonable scenario, given the Late Ordovician palaeogeographic position of the Anglo-Brabant fold belt, as a part of eastern Avalonia approaching Baltica, and the presence of early Ashgill calcalcaline subduction-related magmatism in the Brabant Massif (André et al. 1986; Van Grootel et al. 1997) .
A possible candidate for seismically triggering this large-scale slumping is the Asquempont fault (Fig. 2) , which forms the limit between the Lower to lower Middle Cambrian and the Lower Ordovician and is considered to be one of the most important structural features of the Brabant Massif (Legrand 1967; Sintubin 1999) .
Conclusions
A comparison of cleavage/fold relationships and stratigraphic polarity shows that a mass of minimum 200 m thickness of fine-grained middle Caradoc turbidites in the core of a large tectonic synform was overturned prior to the Early to early Mid-Devonian single-phase tectonic deformation. This overturning is attributed to large-scale slumping.
Palaeocurrent directions derived from depositional and erosional sedimentary features in the turbidite deposits suggest that during the Late Ordovician and Silurian the southern Brabant Massif was part of a NW-SE-to east-west-trending basin. The orientation of the small slump folds is compatible with this basin geometry. Although the exact origin and sense of movement of the large-scale slumped mass remains unknown, a comparison of palaeocurrent directions and other data can be used to reduce the number of possibilities.
The most likely trigger mechanism for this large-scale slumping is earthquake activity during the middle Caradoc, when eastern Avalonia was approaching Baltica.
Observing the apparent discrepancy in size between recent and ancient slides, the former being several orders of magnitude larger than the latter, Woodcock (1979a) put forward the question why so few large ancient slides and slumps have been reported. The observations presented in this paper may explain why. The slump sheet, having a minimum thickness of 200 m, only contains several small slump folds and intraformational breccias, taking up less than 5% of the exposed thickness of the slump sheet. Therefore, if the beds were not overturned, the small slump folds would have been interpreted as localized slump folds in an overall 'stable' sedimentary sequence. Thus, one probable reason why so few large ancient slides have been reported is their high internal cohesion, resulting in very little internal deformation which makes them very difficult to recognize, especially in poorly exposed areas. Consequently, especially when considering the low angles of slopes on which earthquake-induced sediment failure may occur (Field et al. 1982; Bugge et al. 1987) , large ancient slides and slumps may be more common than suggested by the geological literature.
